In this paper, the statistical inference of accelerated life tests under Type-II censoring is studied for constant stress accelerated life tests. It is assumed that the lifetime at design stress has inverse Gaussian distribution. The scale parameter of the lifetime distribution at constant stress levels is assumed to be an inverse power law function of the stress level. The model parameters and the reliability function are estimated using the maximum likelihood method. Asymptotic Fisher information matrix, the asymptotic variance-covariance matrix and the confidence intervals are founded. The predictive value of the scale parameter and the reliability function under the usual conditions are obtained under Type-II censoring. Finally, some numerical illustrations by using Monte Carlo simulations are introduced to illustrate the proposed procedures.
Introduction
Today's increasing market competition and higher customer expectations are driving manufacturers to design and produce highly reliable products. It is important to assess and predict the reliability of a product during the design and development stage because the time-tomarket is getting shorter and shorter. Reliability assessment usually depends on experimental life tests to obtain failure data for lifetime analysis. Because life tests are expensive and the decision made based on the life tests affects the total life-cycle cost, they need to be carefully planned and analyzed. For this reason, Accelerated Life Tests (ALT) are preferred to be used in manufacturing industries to obtain enough failure data, in a short period of time, necessary to make inference regarding its relationship with external stress variables. Accelerated testing allows the experimenter to increase these stress levels to obtain information on the parameters of the life distributions more quickly than would be possible under normal operating conditions. This process requires a model relating the level of stress and the failure time distributions. Several models are available in literature like the inverse power law model, the Arrhenius model and the Log-linear model, for more details, see Nelson (1990) .
The obtained data may be incomplete or it may include uncertainty about the failure time. There are three types of possible censoring schemes, right censoring, left censoring, and interval censoring. The most common schemes are time censoring, and failure-censoring. Time censored data is also known as Type-I censored. It occurs when the life test is terminated at a specified time, before all units have failed. Data are failure censored or Type-II censored if the test is terminated after a specified number of failures.
In real life, different types of stress loading may be considered when performing an accelerated test. The common types are constant stress, step stress, and progressive stress. The most common stress loading is constant stress.
In Constant Stress Accelerated Life Test (CSALT), the stress is kept at a constant level of stress throughout the life of the test, i.e., each unit is run at a constant high stress level until the occurrence of failure or the observation is censored. Practically, most devices such as lamps, semiconductors and microelectronics are run at a constant stress. Many authors have studied statistical inference of CSALT, for example, Lawless (1976) , McCool (1980) , Bai and Chung (1989), Bugaighis (1990) , Watkins The Inverse Gaussian (IG) distribution is a natural alternative candidate to the normal distribution for modeling non-negative data with positive skewness. Tweedie (1957) proposed the name IG distribution since he found an inverse relationship between the cumulant generating functions of this distribution and those of Gaussian distributions. For more details about the IG distribution, see Chhikara and Folks (1989) , Seshadri (1993) and Johnson et al. (1995) .
The most used form of the Generalized Inverse Gaussian (GIG) distribution is the IG also called the Wald distribution. The IG distribution belongs to a two parameter family of distributions. The interest for this distribution is a result of its attractive statistical and probabilistic properties. For example, the IG distribution belongs to the exponential family the IG distribution family, it has the reproductive property and it possesses similar inferential properties to that of the normal model, for more details see Mudholkar and Natarajan (2002) .
The Probability Density Function (pdf) of the IG distribution can be represented in several different forms each of which would be convenient for some purpose in the area of reliability engineering. This distribution was long known in the literature of stochastic process and its potential in statistical applications is increasingly recognized in recent years. The IG distribution is also used in the area of natural and social sciences, i.e., tracer dilution curves by Wise (1966) , lengths of strikes by Lancaster (1972) , noise intensity by Marcus (1975) and hospital stays by Eaton and Whitmore (1977) . Also, Bannerjee and Bhattacharyya (1976) applied this distribution in marketing research and Chhikara and Folks (1976) consider applications of the IG distribution in life testing. This paper is organized as follows: in Section 2, the underlying distribution and the test method are described. In Section 3, the Maximum Likelihood (ML) estimators of the model parameters with their properties and the confidence limits under Type-II censoring are obtained. Finally, the simulation studies needed for illustrating the theoretical results are presented in Section 4. 
Assumptions
The following assumptions can be assumed for the CSALT procedure
• There are k levels of high stress
in the experiment, and u V is the stress under usual conditions, where
• A total of n units are divided into K ...,n , ,n ,n n 3 2 1 units where
units in the experiment are run at a pre-specified constant stress
• It is assumed that the stress affects only on the scale parameter of the underlying distribution.
• 
where C is the constant of proportionality and P is the power of the applied stress.
Point and Interval Estimation Using Maximum Likelihood Method
An additional to the common assumptions in Section (2.2), we assume the experiment is terminated at a pre-specified censoring number of failures j r . Thus, the corresponding likelihood function will be as the following form 
The Maximum Likelihood Estimators of the Parameters
The first derivatives of the log-likelihood function (3.2) with respect to the unknown Parameters λ P C, and are given by:
Where  is the pdf of standard normal distribution. Since the first derivatives (3.3) to (3.5) are non-linear equations, their solutions will be obtained numerically by using the MathCade program as will be seen in Section (5.1).
Interval Estimation
The observed Fisher information matrix, as well as the asymptotic variance-covariance matrix of the MLEs is derived. Approximate Confidence Intervals (CI) for the parameters based on normal approximation to the asymptotic distribution of MLEs are derived. As indicated by Vander Wiel and Meeker (1990) , the most common method to set confidence bounds for the parameters is to use the large-sample (asymptotic) normal distribution of the ML estimators.
In relation to the asymptotic variance-covariance matrix of the MLE of the parameters, it can be approximated by numerically inverting the observed Fisher-information matrix. The observed Fisher-information matrix is composed of the negative second derivatives of the natural logarithm of the likelihood function evaluated at the MLEs. It can be given by the following matrix: 
The elements of the matrix I in (3.6) can be expressed by the following equations Follows:
where  is the derivative pdf of standard normal distribution,
Therefore, the maximum likelihood estimators of C, P and , λ have an asymptotic variance-covariance matrix obtained by inverting Fisher information matrix defined in equation (3.6) . The observed Fisher information matrix enables us to construct CI for the parameters based on the limiting normal distribution through simulation.
Prediction of the Scale Parameter and the Reliability Function
To predict the value of the scale parameter u μ under the usual stress u V , the invariance property of ML estimator is used as follows • Generate a random sample of size n from the 2-parameter IG distribution and obtain the observations for given values of , ,..., , j r n • The steps are repeated more than 500 times until getting the MLE`s as shown in Table 1 .
The numerical results which are placed in Tables 1to 4 are based  on   2  and  5  1  1  4  5  7  20  20  20   3  2  1  3  2  1  3  2 
For different values of 0 λ , 0 C , and 0 P , Table 1 , summarizes the results of solving the ML equations of C, P, λ , and of computing , μ 1 and , increases and the EMSE`s of P is the smallest one and converges to zero. While, in the Table 2 , the asymptotic variance-covariance matrix for different values of 0 λ , 0 C , and 0 P is computed. It is evident that the variance of P is the smallest one and converges to zero. Also, it is seen from Table 2 , that the covariance between λ and Pis the smallest one. In Table 3 the  confidence limits for different values of 0 λ , 0 C , and 0 P are computed. It is evident that the interval length of P is the smallest one. Also, it is seen from Table 3 , that the interval lengths of the scale parameter 
of 0 λ , 0 C , and 0 P using equation (3.13) . The reliability function also predicted for different values mission time, using equation (3.14). Table 4 presents the predicted values of the scale parameter and the reliability function. In general, it is seen that the reliability decreases when the mission time 0 t increases. While, in the Table 4 , the results EMSE`s of the reliability are better when 
Conclusion
In this paper, we have discussed the maximum likelihood estimators of the parameters based on Type-II censoring. The data failure times at each stress level are assumed to follow the 2-parameter IG distribution with scale parameter that is an inverse power law function. The IG distribution has been extensively used in many different areas and it was very useful in a wide variety of applications, especially in the analysis of marketing research also used in the area of natural and social sciences. This distribution serves as a good model for accelerated life tests. The ML estimators, Fisher in formation matrix, the asymptomatic variancecovariance matrix and the confidence intervals are founded. The prediction of the value of the scale parameter and the reliability function under the usual conditions stress are obtained for various combinations of the model parameters. Finally, Monte Carlo simulation studies were presented for illustrating the theoretic cal results. For different values of the parameters, it is seen that the EMSE`s of the scale parameter tend to decreases as the stress value decreases. Also, it is evident that the variance, EMSE`s and the interval length of P are the smallest ones. Moreover, it is seen that the reliability decreases when the mission time increases.
